This study was conducted to evaluate the effect of feeding different levels of DDGS in the diets of tilapia fingerlings on growth performance, feed utilization, chemical composition of the whole fish body, blood hematological and economic efficiency. Therefore, six graded levels of DDGS (0, 4, 8, 12, 16 and 20%) were used insteated of fish meal and yellow corn protein in sex tested diets approximately isonitrogenous and isocaloric. Fish were stocked in a rearing plastic tank for two weeks adaptation period, then it were stocked at the rate of 5 fish/glass aquarium with initial weight of 6.0 ± 0.14 g/fish. During the experimental period (72 days) the fish were fed the tested diets at the rate of 6% of the total biomass for six days per week. The obtained results showed that :
INTRODUCTION
The DDGS are primary residues from yeast fermentation of cereal grains and are a by-product of the bourbon and ethanol distilling process. These by-products contain approximately 26-28% protein, closely matching the protein requirements of tilapia (25-35%) (Lim, 1989) . Compared with many species, tilapia can utilize relatively high levels of plant feedstuffs (Twibell and Brown 1998) . Also, evaluated inclusion of DDGS at 30% of the total diet fed to tilapia and reported good growth parameters. However, research has shown that by combining complimentary animal and plant protein sources, nutrient utilization can be improved (Webster, et al., 1992 a&b; Brown, et al 1997 and Webster, et al .,2000) .
With the rapidly growing aquaculture industry, the demand for high quality fish feeds is increasing. At the current and expected aquaculture growth rates, the demand will eventually outgrow the availability of fish meal as highly digestible protein source (Hardy, 2010) . As a consequence the inclusion levels of plant derived proteins are increasing for formulated fish and crustacean feeds. However these plant derived ingredients have, in comparison to fish meal, a serious drawback since they always contain one or more anti-nutrients such as like protease inhibitors, lectins, gossypol, phytic acid, tannins or saponins (Francis et al., 2001) . Since diet costs account for over 50% of production costs for most aquatic species, one way to increase production profitability is to reduce diet costs. Protein is generally the most expensive dietary component; therefore, determination of lessexpensive sources of protein which provide good growth is advantageous for diet manufacturers and aquaculture producers. Other factors including inconsistent supply and environmental concerns with using fish meal in aquaculture diets make evaluation of alternative protein sources a high priority for fish nutritionists. Tilapia diets without fish meal have generally reduced growth under intensive culture conditions (Jackson, et al., 1982 and El-Sayed, 1990 ). Therefore, influence of feeding different levels of DDGS ( by reduce the percent of fish meal and yellow corn in tested diets ) on growth performance, feed utilization, chemical composition of the whole fish body, blood hematological parameters and economic efficiency of tilapia (Oreochromis niloticus) fingerlings was the aim of this study.
MATERIALS AND METHODS

Experimental fish and conditions:
This research was carried out at Fish Laboratory Research, Animal Production Department, Faculty of Agriculture, Mansoura University, Egypt, during the period from December, 2008 to March, 2009 . The fish were stocked in a rearing tank for adaptation two weeks preconditioning period, then fed with the tested diets. A total numbers of 90 fingerlings weighted 6 ± 0.14 g/fish that appeared healthy before its stocking at 5 fish/glass aquarium (90 x 40 x 50 cm) as three replicates per treatment were randomly assigned to the sex tested diets (D1 to D6). Each aquarium was supplied with 108 L dechlorinated tap water, electric heater and an air stone connected with electric small compressor to permit suitable level of dissolved oxygen. The dissolved oxygen was in normal range (6 -8 mg/L). The replacement of the aquaria water was done partially every day to re-new the tap water after removing the wastes. Light was controlled by a timer to provide a 14h light: 10h dark as a daily photoperiod.
Experimental diet and feeding:
Six experimental diets were formulated (D1 -D6) to replace DDGS at the rate of 0, 4, 8, 12, 16 and 20% instead of fish meal (FM) and yellow corn protein. The DDGS used contained 26.84% crude protein, 11.08% crude fat, 6.30% crude fiber, 10.20% moisture and 4.24% ash. The ingredients and chemical composition of diets are shown in Table (1). All diets except the control diet were supplemented with methionine to cover the needed level of this amino acid in all diets. The control diet (without DDGS) was formulated to contain 27.82 % CP. All ingredients and additives were milled and mixed, then pressed through a pelleting machine (pellets size 1mm ( . During the experimental period (72 days), the fish were fed daily on the previous diets at a rate of 6 % of the live biomass for six days a week and twice daily at 8 am and 2 pm. The amount of feed was adjusted bi-weekly based on the actual body weight changes. Water temperature (°C) was recorded every two days by using a thermometer, and water pH-value was measured weekly using an electric digital pH meter model (Jenway Ltd, model 350-pH meter). Aeration provided continuously using an air stone connected with electric small compressor and water temperature was thermostatically controlled on 27± 1°C throughout the experimental period. Dissolved oxygen was measured every day in each aquarium using an YSI model 58 oxygen meter. During the 72 days of experiment, means of water quality parameters were temperature 26-27; pH 7.4±0.6; and dissolved oxygen (6-8 mg/L). At the end of the experimental period, fish sample were taken and dried at 70 ºC for 24 hours and passed through mincer into one composite homogenate per group. Contents of the homogenized fish for each experimental diet were analyzed chemically using the methods described by Association of Official Analytical Chemists (A.O. A.C. 2000) . Also, at the end of the all rearing periods, three fish per replicate within treatment were randomly chosen then individually weighed. Livers and intestine were removed, then it weighed to determine hepatosomatic index (HSI) and intestine somatic index (ISI) as follow: HSI = (Liver weight/ fish weight) ×100 (Jangaard, et al., 1967) 
At the end of the experiment, blood samples were collected from all residual fish from caudal peduncle of the different groups. Adequate amounts of whole blood in small plastic vials containing heparin were used for the determination of hemoglobin (Hb) by using commercial kits (Diamond Diagnostic, Egypt) and the hematocrit (PCV%) was measured according to Stoskopf (1993) . Total erythrocytes (RBCs) and total leukocytes (WBCs) were counted according to Dacie and Lewis (1995) on an Ao Bright -Line Haemocytometer model (Neubauer improved, Precicolor HBG, Germany). The obtained data were statistically analyzed using general linear models procedure according to SAS (2006) for users guide, with a one -way ANOVA. Means of treatments were statistically compared for the significance (p ≤ 0.05) using Duncan (1955) multiple range test.
RESULTS
Growth performance parameters:
Data in Table ( 2) showed that all growth performance parameters were increased significantly (P ≤ 0.05) with increasing the levels of DDGS until 16%, then, it was decreased significantly with increasing the level of DDGS up to 20%. However, no significant differences were recorded between the control diet and the replacement level 20%. The highest values of growth performance parameters were found in diet 5 at the replacement levels 16% of DDGS. There were no significant differences were recorded in survival rate of tilapia fed the six experimental diets (D1-D6). Generally, survival rate was high and ranged from 90 to 100% in the most treatments in the present study.
Feed utilization parameters:
As shown in Table ( 3) there were no significant differences in feed intake (FI) among different DDGS levels were observed. On the other hand, the FCR improved significantly with increasing level of DDGS up to 16%. While the other feed utilization parameters (FE, PER, PPV and EU) were decreased significantly (P ≤ 0.05) with increasing replacement of DDGS until 8% level then increased with increasing levels of DDGS until 16%. The level 16% DDGS gave the best values of feed conversion ratio (FCR) and the highest values of feed utilization parameters (FE, PER, PPV and EU). The highest PPV and EU% were recorded with 12% DDGS level.
Chemical composition of the whole fish body:
The results in Table (4) indicated that the percentage of dry matter and crude protein of fish body were decreased significantly (P ≤ 0.05) with increasing DDGS levels. Crude fat (%) was increased significantly (P ≤ 0.05) by increasing of DDGS levels up to 16% compared with the control diet. Crude protein was significantly (P ≤ 0.05) differed among treatments. The highest value of DM % and EC was observed in fish fed the level of 12% DDGS, while the highest value of crude fat and ash were observed at level 4% of DDGS. The highest value of crude protein % was observed in the control diet and the level 8 % DDGS. 
Indices of body:
Data in Table (5) showed that heptosomatic index (HSI) and intestine somatic index (ISI) of Nile tilapia fingerlings were significantly different (P ≤ 0.05) among different levels of DDGS. The highest values of HIS and ISI were observed with the level of 12 % DDGS( diet 4). 
Table (5): Hepatosomatic index (HSI) and intestine somatic index (ISI) of Nile tilapia fingerlings fed different levels of DDGS
Blood profile:
Data of blood hematological and biochemical parameters are given in Table ( 6) . The results cleared that there were no significant (P ≥ 0.05) differences among means of blood hematological parameters compared with the control, except those of mean corpuscular volume (MCV) red blood cells (RBCs) which were significant among different treatments. The RBCs value was significantly (P ≥ 0.05) the highest in the diet containing 4% of DDGS compared with other ones. On the other hand, the MCV values were the lowest (P ≥ 0.05) in the diets containing 12% and 16% of DDGS. The highest value of MCV was observed at the level 16% of DDGS. 
Economic efficiency:
The results in Table (6) indicated that total outputs, net return, economic efficiency and relative economic efficiency were gradually increased with the increasing the level of DDGS up to 16% and then decreased at 20% DDGS. The total outputs, net return, economic efficiency and relative economic efficiency were the highest for the level of 16% of DDGS. Also, the levels 12% and 16% of DDGS gave the lowest total feed costs. 
DISCUSSION
The obtained results indicated that most of growth performance (FW, WG, DAG, RGR and SGR) and feed utilization (FCR, FE, PER, PPV and EU) parameters were improved significantly (P ≤ 0.05) with increasing the replacement level of DDGS up to 16% of DDGS. However, no significant differences among the control diet and 20% of DDGS were observed. The highest values of growth performance parameters were found at the replacement levels 16% of DDGS. These results are in agreement with those of Wu, et al. (1994 and who reported that diets containing corn gluten meal 18% or corn distillers grains with solubles 29% and 32% or 36% protein resulted in higher weights of tilapia than fish fed a commercial fish feed containing 36% protein and fish meal for tilapia. In this respect, reported that the growth response of Nile tilapia (Oreochromis niloticus) fed diets containing 16 -49% DDGS resulted in good WG (weight gain), FCR (Feed conversion ratio), and PER(Protein efficiency ratio). Tidwell, et al. (2000) compared the growth of Nile tilapia (Oreochromis niloticus) raised in cages fed either a sinking DDGS pellet or a sinking commercial catfish (Ictalurus punctatus) diet. The results showed that fish received the catfish diet grew 25% faster, cost of gain was 43% lower for fish fed the DDGS pellets. The authors concluded that an efficient and economical tilapia growth can be obtained using direct feeding of DDGS in situations where optimal growth is not essential.
Also, Lim and Webster (2006) found that 20% fuel-based DDGS can be included in Nile tilapia diets without a significant effect on overall growth performance. However, fish fed diets containing 30% DDGS had similar WG, PER and feed efficiency ratio (FER) as those fed the control diet, while fish fed 40% DDGS had significantly lower WG, PER and PER than those on the control diet. Vy (2006) found after 4 months culture period, the best growth rates of red tilapia were obtained in the fish fed 10% and 15% DDGS. The lowest growth rate was presented in the 0% DDGS diet. The lowest FCR of the whole culture period were obtained at 15% DDGS. On the other hand, Hung (2007) indicated that DDGS can be fed to growing common carp up to 15%; however there is an indication that the feeding at 10-15% gave a faster growth rate than that fed 0 and 5%.
The results in the presnt study indicated that HSI and ISI values were significantly differed (P ≤ 0.05) among different levels of DDGS. The highest values of HSI and ISI were observed at the level 12% of DDGS. Meanwhile, Schaeffer et al (2009) showed that the hepatosomatie indices did not significantly differ between fish fed 20% DDGS and the reference diets. The variation in the inclusion levels reported could be attributed to a number of factors such as species, fish age or size, source and quality of the tested ingredients, composition and nutrient content of the experimental diets, supplementation of limiting nutrients such as essential amino acid, culture system, feeding management and experimental conditions (Lim and Yildrim-Akosy, 2008 and Tangendjaja, 2008 ) .
Finally, It appears that the current processing techniques of fuelbased DDGS did not yet provide any significant benefits over older beveragebased DDGS. Even though studies have shown increasing trends in protein and lipid levels of DDGS (Spiehs et al., 2002 and Belyea, et al., 2004) which should be beneficial to aquaculture diets. The current study indicated that fish fed lower levels of DDGS (20%) had similar growth responses as those fed a fishmeal-based commercial diet, while studies using older DDGS had similar results using higher amounts of DDGS (>35%) .
In this study, there were no significant differences in survival of tilapia fed the six diets. Overall, survival was high and ranged from 90 to 100%. These results are in agreement with those of Vy (2006) and Hung (2007) with O. niloticus and Webster, et al. (1992 a&b) with channel catfish. Coyle et al. (2004) found no significant differences in survival of tilapia, overall, means of survival was high and ranged from 96.4 to 100%. Abo-State et al. (2009) showed no significant differences survival rate among tilapia fed diets containing different levels of DDGS(0, 25, 50, 75 and I00 %). Survival rate was approximately 100% for fish fed all diets. In contrast, previous study of feeding DDGS to tilapia indicated an improvement on survival rate when DDGS was included in the diet (Tangendjaja and Chien., 2007) .
Concerning the chemical composition of fish body, the results indicated that energy content (%) of fish body did not significantly (P ≤ 0.05) differ with increasing DDGS levels up to 12% then decreased thereafter. The crude ash and fat increased significantly (P ≤ 0.05) with increasing DDGS levels. In the same trend, the crude protein was significant (P ≤ 0.05) among treatments. The highest value of DM and EC percentage observed in fish fed the levels of 12 % DDGS. The present results agreed with those reported for many authers. In this respect, VY (2006) found after 4 months culture period, that there is no different in the composition of the fish after feeding diets containing different levels of DDGS. Also, Hung (2007) indicated that there is no different in composition of the fish after feeding diets containing different levels of DDGS. Salama et al. (2011) found that fish fed diet containing 100 % of DDGS recorded the highest values of EE and conversely with protein content. The fish fed 100 % DDGS recorded the highest value of ether extract while fish fed 50 % DDGS recorded the lowest values. The research results indicated that total outputs, net return, economic efficiency and relative economic efficiency were gradually increased with the increasing the levels of DDGS in tested diets.
Aquaculture diet costs can account for over 50% of production with considering that protein is the most expensive dietary constituent (Coyle et  at., 2004) . The results in the present research indicated that the total outputs, net return, economic efficiency and relative economic efficiency were gradually increased with the increasing levels of DDGS until levels 16%, and then decreased with increasing of DDGS level. The total outputs, net return, economic efficiency and relative economic efficiency were the highest for the level 16% of DDGS which showed also the lowest total feed costs. These results are in agreement with Schaeffer et al, (2010) who reported that fishmeal may be replaced with low levels of fuel-based DDGS to reduce feeding cost; however, additional supplements should be considered to enhance fish performance. Because of the rising cost and uncertain availability of fishmeal from over-fished marine stocks, researchers have begun to investigate alternative protein sources (Jauncey and Ross, 1982; Fontaınhas-Fernandes et al., 1999 and Coyle et al., 2004) . One plant nutrient source available for aquaculture feeds is distillers dried grains with solubles (DDGS) (Webster et al., 1992a (Webster et al., ,b, 1993 Wu et al., , 1997 Coyle et al., 2004 and Lim and Webster., 2006) . Tidwell et al. (2000) concluded that an efficient and economical tilapia growth can be obtained using direct feeding of DDGS in situations where optimal growth is not essential. These results agreed with the use of plant derived protein sources cheaper than SBM could be explored to further reduce the cost of fish feeds (Amayaet et al. 2007 ). The increasing price of feed is considered one of the most important factors limiting profitability in fish culture. The high cost of fish feed mainly due to the high costs of fish meal and SBM and therefore finding a relatively lower cost alternative ingredient was the ongoing research goal (Fomter et al. 2003 and Hernndez et al. 2008) . It may be concluded that replacing fish meal and yellow corn by DDGS until 16% in the diets of tilapia had no any adverse effect on most of growth parameters, feed utilization, chemical composition of fish body, hematological blood parameters and economic efficiency of tilapia fingerlings.
